Abstracti This paper proposes a practical distribution state estimation method using a hybrid particle swarm optimization. The proposed method considers nonlinear characteristics of the practical equipment and actual measurements in distribution systems. The method can estimate load and distributed generation output vahres at each node by minimizing difference between measured and calculated state variables. The feasibility of the proposed method is demonstrated and compared with the original PSO on practical distribution system models. The results indicate the applicability of the proposed state estimation method to the practical distribution systems.
(1) A contracted load value is known at each load section.
(2) Estimated power factor of sending end at S/S and each section can be obtained.
(3) If output of DG is fixed, the output and power factor of DG can be obtained. If output of DG is variable, the estimated output and power factor of DG can be obtained. Fig. 1 shows the measured data. 
Formulation
The objective function of the distribution state estimation is the same as that of conventional state estimation as follows: (1) The method is based on researches on swarms such as fish schooling and bird flocking. (2) It is based on a simple concept. Therefore, the computation time is short and it requires few memories. L==2=lstel', Natural selection using evaluation izziEzis@' (1 Step 1 Input data
The following data are input.
-network configuration, line impedance -contracted load value -measurement data (S/S, RTU, and DG)
Step 2 Step 3 obtained, it can be predicted that bad data are included in measured data. Namely, using the expansion, detection of bad data can be realized. The detection of bad data can be considered in step 3 of the above-mentioned proposed algorithm.
V. NUMERICAL EXAMPLES
Simulation Conditions The proposed method and a method based on the conventional PSO are applied to distribution model systems.
The followings are test cases:
(1) Case 1 The methods are applied to a model system as shown in fig. 6 which models rural area. Load flow calculation results are utilized as measured data. Namely, capability of the methods converging to the values near to the measured data are compared. The model has one DG and two voltage regulators (SVR). SVR is widely utilized in Japan and it automatically changes tap position of the transformer to regulate the voltage at a target point in distribution systems.
These equipment causes nonlinear characteristics of the objective function.
(2) Case 2
The methods are applied to a model system as shown in fig. 7 , which models urban area with actually measured data. Namely, Effectiveness of the methods considering measured error is evaluated.
Weighting coefficients of eq. fig. 8 indicates the high quality solutions by HPSO as well.
(2) Case 2 
VI. CONCLUSIONS
This paper proposes a distribution state estimation method using a hybrid particle swarm optimization. The results of the paper can be summarized as follows:
(1) This paper develops a hybrid particle swarm optimization which can handle the non-differential and non-continuous objective function of distribution state estimation caused by nonlinear characteristics of the practical equipment such as SVC, SVR.
(2) The proposed method can estimate load and distributed generation output values at each node with practical limited measurement values in distribution systems.
(3) The results of the numerical simulations indicate that the proposed method can estimate the target system conditions more accurate than the original PSO. Moreover, it can estimate the appropriate target system conditions with measurement errors.
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